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I N the death of Mrs. W. A. Noyes, which oc-
1 curred on March 14th, the Student Body of
the Institute has suffered a sad loss. Her un-
failing interest in everything which pertained to
her husband's school, and her personal kindness
to many students, was warmly appreciated by all
who knew her. The students in chemistry, to
whom, more than to any others, she granted the
favors of her kindly interest and appreciation,
will feel her loss with especial keenness. Speak-
ing for the students of the Institute, and for many
men who have long been Alumni, THE TECHNIC
desires to express its sorrow and its sympathy
with a loved and respected professor.
NEWS was received at the Institute of thedeath of Ellsworth B. Harris, of the class
of '96. After an illness of ten weeks, be died on
March 12th, of typhoid fever. His many friends
here were deeply grieved by the news of his
death. He had a notable record as a student in
the Institute, and has for some time been with
the Eastman Kodak Co., of Rochester, N. Y.,
where he held a responsible position. His friends
No. 7
in Terre Haute, as well as THE TECHNIC, feel
deep regret at the early termination of a career
so successful in achievement, and so bright in
promise.
THE dates of publication of this issue of THETECHNIC and of the new Catalogue of the
Institute will not be widely separated, and it is
thought timely to give a few of the changes
in the courses of study which will be thus an-
nounced. This issue of the Catalogue is one of
rather more than usual interest because it details
the changes which have been made, as recom-
mended by the faculty committees. Conditions
of admission are defined more definitely, es-
pecially with reference to Language study. In
general, a four-year High School course excuses
the candidate from entrance examination, though
the right is reserved to give a language examina-
tion to any candidate showing deficiency in the
use of the English language. The regular en-
trance examination in English will include Gram-
mar, Rhetoric and Composition, but for appli-
cants who have had two years of a foreign
language, the Grammar examination will be
omitted.
The changes in the arrangement of the courses,
which affect students in all courses alike, are as
follows:
In the Freshman year, the time devoted to
Language has been slightly increased, the added
time being devoted largely to practice in essay-
writing on practical subjects. In the third term,
one hour a week, taken from the Calculus-time,
will be added to the time devoted to elementary
mathematics.
In the Sophomore year, Analytical Geometry
will be the only pure mathematical study of the
first and second terms, and higher Algebra will
occupy the third term. Elementary Mechanics
will occupy two recitations a week during the
first and second terms, and will be in charge of
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the Physics department. This will be in prepa-
ration for the beginning of Physics proper, the
study of which will now begin in the third term
of this year. During this term, four hours a
week will be occupied, and elementary Electrici-
ty will be studied.
To the Junior year has been transferred the
Physical Laboratory work which has hitherto
been taken in the Senior year. It will occupy
the first two terms. Calculus and Analytical
Mechanics will occupy two terms, the two being
separated definitely on the hour plan, and in the
third term, Calculus will be dropped, and the
time for mathematics be exclusively devoted to
Mechanics. Part of the Language time in the
third term will be given to lectures in Political
Economy, Constitutional study, etc.
In the Senior year, more time will be devoted
to Applied Mechanics. Hydraulics has been ad-
ded for students of all courses, and all students
will have brief laboratory practice in the analysis
of Gas and Fuel. The removal of the Physical
Laboratory practice from the Senior year will
leave more time to be devoted to professional
subjects in that year.
For Electrical Engineering students, practice
in Electricity will not be begun until the third
term of the Sophomore year, when the study of
Electricity is begun in the class-room. The time
devoted to Machine design has been increased in
the third term of the Junior year. A term of Ma-
chine design has been added to the Civil Engin-
eering course, and no change is made in Chemis-
try or Architecture, except the additional time
devoted to professional subjects in the Senior
year.
The changes all promise to be for the best, and
the rearrangement has in several cases removed
difficulties, which have hitherto been caused by
differences in preparation of the students of dif-
ferent courses.
AAA
FOR the Supplement appearing with this issue,THE TECHNIC is indebted to Prof. J. B. Ped-
dle, who has kindly prepared it.
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Rayleigh's Alternating-Current Pbasemeter.
BY E. S. JOHONNOTT, PH. D.
N the Philosophical Magazine, May, 1897, Lord
I Rayleigh has described an instrument for
measuring the angle of lag of an alternating cur-
rent behind the E. M. F. impressed at the ter-
minals of the circuit. With proper calibration
the readings give the current, E. M. F., and thus
generally such quantities as apparent watts,
true watts, power factor, coefficient of self-induc-
tion, C2R loss, hysteresis, etc.
In view of the fact that the instrument can be
made as readily as any simple form of galvano-
meter; and that the relations between the read-
ings and the quantities above mentioned are simi-
lar to those for other alternate-current instru-
ments, it is here proposed simply to illustrate how
the intrument may be used in giving an exercise
to students in the laboratory.
The instrument consists of a current coil, M, and
an E. M. F. coil, S, arranged as shown in Figure
I. A piece of soft iron wire, m, about 1 cm.
long is suspended by means of a torsion wire at
an angle of 45° to the common axis of the coils.
Each coil is made adjustable along the common
axis. Similar to the connections for a dynamo-
meter, used as a wattmeter, the current coil, M,
is connected in series with the circuit on which
the observation is to be made and the E. M. F.
coil, S, is shunted across its terminals. The de-
flection of the needle is measured by that of a ray
of light reflected from a concave mirror attached
to the suspended system.
The couple acting on the needle due to a cur-
rent in either coil, acting alone, varies as the
square of the current and as sin 20, where 0 is
the angle between the needle and the axis of the
coils. The couple thus becomes a maximum
when 0=45°, and zero for 0=0° or 0=90°.
The principle made use of in determining the
angle of lag is that the mean square value of the
resultant of two harmonic motions, having equal
periods, impressed upon a system, depends alone
upon the mean square value of each harmonic
motion and the angle of lag between them.
If the currents are of the sine type and
a cos (wt-4)) represents the instantaneous
current in M,
b cos tot represents the instantaneous E. M. F.
current in S,
Then
1 fr
0_ ( (ha cos (0)t-0))2 
dt—h2 a2_A2
2
1 CT(k b cos wt) 2dt—k2b2—B2
TJO 2
where h and k are constants which multiplied
into the instantaneous values of the currents give
the instantaneous values of the magnetic field
produced at the suspended needle due to M and
S respectively.
As the instantaneous value of the pole strength
of the needle in any position varies as the field,
the instantaneous couple will vary as the square
of the field; that is, also as the square of the
current.
Therefore A2 which is proportional to the mean
square value of the current will vary as the read-
ing on the scale and may be represented by it.
Likewise for B2.
When the currents in the coils M and S act
simultaneously giving couples on the needle
a) in the same direction,
C 
=--rr 
(ha cos
2 1
T. o
b) in the opposite direction,
C2---= 1 CT (ha cos (wt-0)—k b cos cot.) 2dt.
2 T j o
Then
C12 A24-B2+2 A B cos 1,
C22,A2+ B2-2A B cos (13 )
where C12 and C22 are the average values of the
(wt
-4) +k b cos wt)2dt ;
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square of the resultant field at the needle, and
thus being proportional to the resultant couples,
may be represented as before by the correspond-
ing readings.
Thus, in order to determine the angle of lag,
readings are taken with the currents in M and S
acting independently and then simultaneously,
either in the same or in opposite directions. The
computation for:cos 0 is
C12—A2—B2
Cosi0- 2AB
C12—C22
Cos20- 4 AB
A2+ B2—C22
Cos30- 2 AB
Since A2, B2, C12 and C22 are simply the read-
ings no calibration of the coils is necessary.
From the equations in (i) we have the rela-
tion
C124-C22=2 (A2+ B2)
This check is found very convenient in adjust-
ing the needle to its most sensitive position, viz i
0=45°. This is also the position for the least
change in the sensibility for a given change in 9.
Thus setting the coils M and S sufficiently near
the needle to obtain a large reading for C12, the
position of the needle relative to the coils, is
shifted until C12+-C22=2 (A2-1-B2). 0 as deter-
mined by two of the equations (ii) is also a check.
The solution for cos 0 may also be made graph-
ically by plotting the triangles corresponding to
the equations (i).
In the use of the instrument as a wattmeter a
calibration of the coil M for current and the coil
S for E. M. F. is necessary.
An interesting problem, and one which well
illustrates the character of the work which may
be undertaken with the phasemeter, is the deter
mination of the power factor and energy losses
in choking coils.
The following results are taken from an ex-
periment with a choking coil consisting of a
divided annulus of laminated soft iron wound
with 200 turns of No. 18 copper wire. The ob-
ject was to determine the power factor of the
7z-
r/ G. _I
choking coil for different air-gaps in the ring. It
can be proved* that cos 0 as determined above
represents the power factor, that is the ratio
true watts
 
 even when the current, E. M. F.
apparent watts
or both depart from the sine law. The ordinary
interpretation of 4) as an angle of lag cannot be
made.
Fig. I shows the connections. T1 represents
No. 8 Westinghouse transformer; T2, a 1:1 trans-
former consisting of the two sections of the sec-
ondary of a T—H transformer. The auxilliary
circuit containing the resistance Z1 and the chok-
ing coil Z2 was used to alter the conditions in the
circuit containing the choking coil X. The cur-
rent coil of the phasemeter, M, was connected
in series the secondary of the transformer, T2, and
the choking coil, X. The terminals of the E.
M. F. coil S were shunted across the terminals of
X. M consisted of 12 turns of No. 14 copper
*Lord Rayleigh. Phil. Mag., 1897, P. 347.
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wire and had a compensating coil MI which was
thrown in the line when the reading, B2, due to
the E. M. F. coil, S, was desired. The diagram
also shows a compensating coil, Sl, for S. A
double pole commutator, D, was used to reverse
the F. M. F. current in S in taking the readings
C21 and C22, due to the actions of both currents act-
ing simultaneously. S consisted of 200 turns of
No. 28 manganin wire and had a resistance of 666
ohms. The component of the current in M escap-
ing the choking coil X through S was corrected
for by winding a fine wire spirally on the wire
of M, and leading the E. M. F. current through
it in the opposite direction to the current in M.
(This principle is used in such instruments as the
Weston wattmeter). A discussion of this cor-
rection, which under certain conditions amounts
to considerable, will not be undertaken at this
time.
The results are given in tables I and II. In
table I, a constant E. M. F. of 30 volts is main-
tained at the terminals of X, while the air-gap on
each side of the ring takes the values given in
column I. In table II a constant current is
maintained in X while the air-gap takes values
similar to those in table I. In both tables, col-
umns II, III, IV and V contain the values for
A2, B2, C21 and C22; columns VI and VII, the
values of cosi 4) and c052 4); column VIM E. M.
F. at the terminals of X; column IX, the cur-
rent; column X, the true watts or the energy
absorbed in X; column XI, the C2R loss in X,
and in column XII, the hysteresis loss as given
by the difference of the true watts and the C2R
loss, or
H=EC cos2 4)—[C2R+C2R temperature correc-
tion].
The constants of the coils M and S were found
with the Kelvin Balances. The calculation of
the values of the E. M. F. and current in col-
umns VIII and IX, were made with the equa-
tions
E=3 B and C=3.05 A
respectively.
The results given in tables I and II are plotted
in plates 1 and 2. Cos2 4) as given in the second
equation (ii) being most accurate for computing
4) at large values was used in all the calculations.
As shown in plate 1, an increase in the air-gap
from 0 mms to 1 mm was accompanied by an in-
crease in the current from .65 amperes to ?.05
amperes in order to maintain a constant E. M. F.
of 30 volts at the terminals of X. To this change
in the air-gap corresponds the extreme increase
in 0, and also, an almost equally rapid fall in
what Steinmetz calls the "angle of hysteretic
advance of phase." If the impressed E. M. F.
were in the phase with its component consumed
by the self induced E M. F., the angle of hys-
teretic advance of phase, a, would be the com-
plement of 4), or a=90°-0. From table I it is
shown that the component of the impressed E.
M. F. of 30 volts consumed by resistance in-
crease:_. from .5 volts to 2.3 volts, thus indicating
that during this interval the impressed E. M. F.
does not vary more than 4° from being in quad-
rature with the magnetism.
Fig. 2 is the polar diagram illustrating these
changes. When the air-gap is zero, Ohl repre-
sents the current; 0E1 the E. M. F; oi the
angle of lag, and ai the angle of hysteretic ad-
vance of phase, or in other words, the lag of the
magnetic induction, OM, behind the sine curve
0Ii, equivalent t) the current. 0E2 represents
the impressed E. M. F. where its component 0Er,
consumed by resistance, becomes appreciable.
0Er+H-0Er represents the component of 0E2
consumed in hysteresis.
The cause of the rapid change in a, as ex-
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plained by Steinmetz, art. 76, p.
111, is clearly illustrated here.
When the air-gap is zero the cur-
rent curve is greatly distorted,
its hysteretic component in phase
with the impressed E. M. F.,
is comparatively large,
therefore, ai is large. When,
however the air-gap increases, the
sinusoidal component of the cur-
rent in phase with the magnetism
OM increases enormously, and
although the hysteretic compo-
nent remains practically constant
(shown by hysteresis curve), a
rapid fall in the angle a occurs
The fall in the st. as shown for
larger air-gaps is explained by
the continued increase of the re-
sistance component, 0E,, of the
impressed E. M. F., 0E2.
In plate 2, is shown the change
in the power factor of the chok-
ing coil with a constant current
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of 3.05 amperes maintained in the circuit. The
impressed E. M. F. with zero air-gap is about 50
volts and falls to 11 when the upper half of the
ring is removed, For large increasing air-gaps
the fall as shown in st. (on the left of the dia-
gram) is probably not due to a change in a, but
rather to a change in the phase of the impressed
E. M. F. with respect to its component consumed
by the self iuduced E. M. F. The component
0E,, Fig. 2, has the constant value of 2.3 volts
throughout the experiment and unless its phase,
which is the same as a, changes greatly a sharp
fall 4) should be expected when the air-gap be-
comes large. The height to which cos 4) rises in
plate 2 is, however, limited, since the C2R loss is
at all times large as compared with the hys-
teresis loss.
Steinmetz's law that the hysteresis varies as
the 1.6ths power of the induction is here illus-
trated in the hysteresis curve. The 1.6ths power
curve through the values E=-50 volts and H=-25
watts passes through the centers of the black
dots. In general the induction is not propor-
tional to the impressed E. M. F., but to its com-
ponent in quadrature with the induction (E0'2
Fig. 2). In plate 2 this component could not
depart much, in absolute value, from the im-
pressed E. M. F., except possibly for small values
of the E. M. F.
A brief statement of the results given above is,
that for an ironclad choking coil:
I.) With a constant E. M. F. at its terminals
a) a very rapid fall in the power factor,
cos 4), occurs when the magnetic circuit is slightly
opened and is followed by a slight rise in cos 95 as
the opening is enlarged.
b) to this rise in the angle 4. corres-
ponds, approximately, an equally rapid fall in the
angle of lag, a of the induction behind the excit-
ing current.
II.) With constant exciting current
there corresponds a smaller range in
value for 4. and a than in (I), due to the fact
that the C2R loss is not at any time so nearly neg-
lible as compared with the hysteresis loss.
All the readings given above were taken with
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The annulus used in the above experiments
had a mean diameter of 14 ems, and a rectangu-
lar section of 1.5 ems. X 4.5 ems. It would pos-
sibly be rash to attempt to predict from these re-
sults, the conditions in choking coils of other
forms. The discussion of the results of observa-
tions on some other forms, with some remarks on
the reader is referred to LordRayleigh's
the transformer T1 on the city mains.
The frequency was 60 cycles per sec-
ond. In order to make the observa-
tions under constant conditions, an-
other instrument, consisting of a sus-
pended needle, and coil similar to S,
was made very sensitive and connected
across:the terminals of the secondary
T1. A ray of light reflected from its
mirror was allowed to fall on the scale
of the phasemeter and gave a very
satisfactory indication of the constancy
of the speed.
For particulars with reference to
the possible effects of self and mutual
induction in the coils of the phaseme-
use of the phasemeter, will be reserved for
some future time.
The instrument used in the above experiments
the
was partially constructed and tested by Mr. E.
Place, formerly connected with the Institute.
I should like to take this opportunity to thank
Prof. T. Gray for the interest he has taken in
the work, and for many valuable suggestions.
'TABLE I.
I
mm..
air-gap
II
A2
III
B2
IV
C12
V
C22
VI
COSI 95
VII
COS2 ct.
VIII
E. M F.
IX
Current
X
EC CO2
XI
C2R
XII
H.
.00 4.5 100 129 81 .578 .565 30 .65 11. .325 10.67
.10 10.0 100 135 85 .395 .395 30 .96 11.7 .71 10.00
.25 21.0 96 143 90 ,290 .294 29.4 1.40 12.1 1.51 10.59
.50 47 100 179 116 ,234 .230 30 2.09 14.4 3.46 10.88
1.00 100 100 239 160 ,195 .197 30 3.05 18.0 7.16 9.84
1.75 165 100 315 213 .195 .198 30 3.92 23.3 11.8 10.00
3.00 247 100 420 280 .232 .223 30 4.80' 32.7 17.7 13.00
5.00 340 100 528 358 .238 .230 30 5.63 38.8 24.4 10.90
8.00 475 105 695 465 .28 .258 30.8 6.65 52.8 34.0 13.1
TABLE II.
I
mms.
air-gap
II
A2
III
B2
IV
C12
V
C22
VI
cos 141
VII
COS 24)
VIII
B M. E.
IX
Current
X
•EC cos2
XI
H
.00 100 79 217 140 .214 .217 53.4 3.05 35.2 28.03
.10 100 69 203 134 .205 .208 50.0 3.05 31.7 24.53
.25 100 60 193 130 .213 .203 46.5 3.05 28.8 21.63
.50 100 42.5 169 117 .204 .200 39.0- 3.05 23.8 16.63
1.00 100 21. 140 103 207 .202 27.5 3M5 16.9 9.73
1.75 100 15 130 99 .194 .200 23.2 3.05 14.12 6.95
3.00 100 10. 125 96.5 .237 .226 19.0 3.05 13.1 5.93
8.00 100 5.5 117 93. .245 .256 14.0 3.05 10.9 5.73
Inf. 100 3.5 114 93. .280 .280 11.2 3.05 9.57 2.4
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ALFRED
AU 51-1
Cbe Application of Electricity to the manufacture of Plate Glass.
By FRED H. FROELICH, '99.
0 NE of the most important enterprises Toledopossesses to-day is that of the Edward Ford
Plate Glass Co. The plant has attracted atten
tion for several reasons, one of the chief being
the fact that it is the first plate glass plant to
operate its grinding and polishing machinery by
electric power. Some idea as to the capacity of
the plant is conveyed by the intelligence that its
yearly output is 3,000,000 sq. ft. Ground was
just broken August 30, 1898, and the first ship-
ment of glass was made on November 17, 1899.
The building are all of steel and brick, with slate
roofs.
Fifteen building comprise the group of which
the main building, 780 ft. long and 226 ft. wide,
contains the grinding and polishing departments.
A view of the interior of this building is shown
in Figure 1. The manufacture of plate glass is a
most interesting process. The constituent parts
are sand, ground limestone, soda ash, sulphate of
FIG. I. GRINDING AND POLISHING SHED.
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soda, salt, arsenic and charcoal. These are
mixed and melted in the furnaces in clay pots.
In these same pots the molten mass is removed
to the casting hall, where it is poured on a large
cast-iron table, rolled into a sheet and stowed
into the tempering oven. These pcts are handled
by over-head traveling cranes operated by direct
current motors. The three casting halls require
five of these cranes.
The grinding machine next claims the mass,
which is bedded in plaster of paris on a large cast-
iron circular table, and there ground to true sur-
face with lake sand, after which it goes to the
polishing machine. This glass is then turned,
ground and polished on the opposite side in the
same manner. It is the electrical machinery
necessary to operate these grinding and polishing
machines of which we wish to speak.
The generator and engine room, shown in Fig.
2, is 120 ft. long and 65 ft. wide and is traversed
by an over-head traveling crane of twelve tons
capacity.
The generators are of the General Electric re
volving field type, generating three-phase alter-
nating currents at a frequency of 40 cycles per
second.
Four of the generators, three of which are now
in place, have an output of 1,000 kilowatts at 580
volts, while running at a speed of 120 revolutions
per minute. These machines will, however,
stand an overload of 25 per cent, for four hours
and 50 per cent, for one hour without any dan-
gerous heating of the coils.
A similar generator of similar type running at
200 revolutions per minute, with an output of
350 kilowatts at 580 volts is used to operate the
small motors about the different buildings.
As is usual in General Electric revolving field
machines the laminated polles are bolted to a steel
yoke ring, which in turn is bolted to the spokes
of the cast-iron spider.
The cast steel yoke and spider are built in two
sections, which sections are joined across the
butt joints by means of double headed keys simi-
lar to those used in fly wheels.
The field coils are of copper strip wound on
edge. The exciting current is introduced to the
revolving field at a pressure of 125 volts through
carbon brushes, bearing on two cast-iron rings
which are mounted on the engine shaft alongside
the field spider. These rings are split so they
can be removed if necessary.. At full load the
exciting current is about 130 amperes for the
large generators.
FIG. 2. GENERAL VIEW OF POWER HOUSE.
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The armature core, built up of separately insu-
lated sheet iron punchings with ventilating ducts
placed equal distances apart is supported by the
outside cast-iron frame, to which the laminated
core is bolted. This outside frame of the 1000
K. W. generators has an external diameter of 15
ft. and is mounted on sliding foundation plates
so that it can be moved axially to clear the field.
The slots contain form wound coils, made up of
copper cable and separately insulated. The ar-
mature is wove wound and Y connected.
The direct current equipment consists of two
six pole compound wound generators, each hav-
ing an outplit of 800 amperes at a pressure of 125
volts. One of these generators is connected to a
150 horse power horizontal tandem compound
condensing engine and the other to a 300 horse
power induction motor, running at 480 rev, per
min. To the other end of this motor is joined a
25 cycle three-phase generator with a full-load
capacity of 263 amperes at 330 volts, This gen-
erator supplies current to the grinder motors,
whereby a slower speed is obtained, at which
speed they first run, before throwing them into
the 40 cycle circuit. This motor generator set is
shown in Fig. 3.
TECHNIC.
The two direct current generators, besides act-
ing as exciters, and lighting the different build-
ings, furnish power for the five electric cranes
already mentioned and four transfer cars.
These cars are equipped with General Electric
800 street-car motors and are used to transfer the
large tables containing the glass to the grinding
and polishing machines. During the day, when
the lights are not burning, the direct current ma-
chine of the motor generatar set takes care of the
entire D. C. load.
The switch board, a view of which is given,
consists of five alternating and two direct current
machine panels, six alternating and four direct
current feeder panels. Fig. 5 shows the connec-
tions of two of the 1000 K. W. machine panels,
the synchronizing device and a feeder switch.
Each A. C. feeder panel contains two feeder
switches.
In order to synchronize No. 1 generator with
No. 2 you place the synchronizing plug into keys
1, 2, 3 and 4, which connects 1 with 2 and three
with 4. When the lamp burns brightly the two
generators can be thrown together.
The greater part of the power developed by the
FIG. 3.
Rost 72cHvic
D
i
S
c
H
A
F
f
4
z
R
H
E0)7A7:
-
+
D
.
 C
.
—
 
1
3
A
 fr 
•
/
8
0
0
 Ar i pli.E
5
.
0
7
-cll.
Tii
60.-I.
/
8
 0
 0
 
Arvi. 
F4J,E.
iY22..GEw.
F
I
G
U
R
E
 5
.D.C.
13 
s
 
-
 B
A
R
.
 
I
Tit A
h
l
;
.
THE ROSE TECHNIC. 173
three-phase generators is consumed in operating
the grinding and polishing department. To each
of the twenty-four grinders and twenty polishers
is connected a three-phase induction motor.
The grinders each necessitate a 100 h. p. and
the polisher a 150 h. p. motor.
All the motors run at two speeds. At slow
speed the poles of the stator are all joined in
series and at full speed the poles are joined in
parallel, reducing the number of poles just one-
half. The 100 h. p. motors run 400 rev, per
min. at full speed and the 150 h. p. motors 300
rev, per min. The motors are belted to a large
pulley, it in turn operating a large beveled gear
upon which rests the table containing the glass
to be ground or polished. Above this table are
suspended the runners which, when lowered onto
the revolving table, are themselves brought into
motion. The grinders are equipped with two
large runners plated with cast-iron blocks and
the polishers with three runners, to which are
attached some forty .felt covered blocks.
Heretofore each of these machines was ope-
rated by a steam engine. These engines always
required more or less repair and considerable at-
tention. Some of the engines being a great dis-
tance from the steam plant there was, as a result,
quite a loss, owing to condensation of steam.
The bearings of the motors are all self-oiling and
require almost no attention. As there are no
dead points to the motor a more steady motion is
obtained than by the use of an engine. One man
is able to look after all of these motors, including
the direct current motors of the cranes and trans-
fer, and some fifteen other induction motors rang-
ing from 5 to 50 h. p.
Two .of the generators are each connected
to a horizontal cross-compound four-valve engine,
built by the Russell Engine Co. of Massillon, 0.
Running at 120 revolutions per minute, with a
steam pressure of 125 lbs. , they develop from
1500 to 2000 h. p. Size of cylinders 30, 60 and
30 inches. The shaft 18 inches in diameter at
the bearings and 23 inches at the fly wheel runs
in babbitt metal bearings 30 inches long and is
elongated between bearings to a distance of 15
ft. and 11 inches, so as to carry in addition to the
fly wheel the revolving field of the generator.
The fly wheel, 14 ft. in diameter, weighs 20 tons.
To the third 1000 K. W. generator is connected
a McIntosh, Seymour & Co. horizontal tandem
compound enkine, running at 120 rev, per min.
This engine is of the same size as the two Rus-
sell engines. Its shaft, 24 inches in diameter
FIG. 4. SWITCH BOARD
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throughout its entire length, runs in babbitt
metal bearings 34 inches long and supports a fly
wheel 16 ft. in diameter, weighing 43 tons. Its
cylinders are 21, 54 and 42 inches.
A 500 h. p. engine of this same company and
similar design operates the 350 K. W. three-phase
generator. This engine runs at 200 rev, per min.
Size of cylinders are 16, 32 and 24 inches.
The 150 h. p. horizontal tandem compound
engine operating the exciter was built by the
Ball Engine Co. of Erie, Pa. This engine whose
cylinders are 12, 22 and 16 inches, runs at 275
rev, per min.
A reheater, supplied with live steam, is con-
nected between the cylinders of each engine.
Each engine exhausts into a condenser.
The condensing plant consists of two Wheeler
and one Worthington surface condenser, each
having a cooling surface of 3200 sq. ft. The 150
and the 500 h. p. engine, together, exhaust into
a Worthington surface condenser. This con-
denser has a cooling surface of 1200 sq. ft. Each
condensor is fitted with a Laidlaw, Dunn and
21(
Gordon air pump. All engines have automatic
release valves, so that should the vacuum fail the
engine exhauts to atmosphere.
The condensers get their water supply from
the Maumee River by means of three motor dri-
ver pumps. Each pump has a capacity of 900,-
000 gals. every 24 hours. This water, after leav-
ing the condensers goes to the grinders, where it
is used to wash away the sand.
The steam plant is equipped with eight 500 h.
p. Sterling water tube boilers connected in groups
of two. These draw their water supply from
the exhaust and cooling water of the condensers.
Four of the boilers are fitted with Playford end
feed chain grate stokers and four with Murphy
side feed chain grate stokers.
For handling the coal there is installed a coal
conveyer and over-head coal bins. The total ca-
pacity of the bins is 400 tons.
The coal is received from the railroad track
alongside the building and dumped into a crusher.
It is then delivered by means of the conveyor to
the bins.
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Electric Motor Meters.
N telling the story of the electric meter, it
I would be well, perhaps, to go back to the time
when meters were not generally used and take up
the earlier method of charging for electric en-
ergy.
In those days the contract system was in force
and a fixed monthly charge was made for each
lamp connected. This was unjust to both the
central station and to the consumer, for the lamp
which was used for more than three or four hours
per day was supplied at a loss and the charge was
correspondingly light for those lamps which were
used for a shorter period.
Then, too, since the consumer had no incentive
to turn off lamps when not required, they were
allowed to burn continually and a very consider-
able amount of electricity was generated by the
station to supply this useless illumination. If
we should consider the ratio of this useless illu-
mination to the total illumination as the waste
factor of the station, it is evident that the price
which must be charged per lamp is very materi-
ally affected by the value of this factor. The
value of the factor is controlled entirely by the
consumer. On a contract basis, it would evi-
dently be high. On a meter basis, the consumer
would turn off lamps when not required, and, as
a result, the waste factor would become smaller
and the station would operate on a more econom-
ical basis.
The meter basis contributed to the growth of
electric lighting to a still greater extent by en-
abling the small consumer to wire his house and
pay only for the amount of energy actually drawn
from the mains. Count the number of gas burn-
ers in an ordinary dwelling; there are not less
than 15 or 20, and even at a rate of one dollar
per lamp per month the expense wovld be pro-
hibitive. Yet at a meter rate of 20 cents per
kilowatt hour, the bill for current actually used
is quite moderate.
Practically all the meters used in this country
to-day are motor meters. That is, they are sim-
ple motors which revolve at a speed proportional
to the energy used in the circuit to which they
are connected. Consider the simplest meter,
which is a motor with its field connected in series
with the line and its armature in series with a
high resistanco connected across the mains. On
the shaft of this motor is a disk revolving be-
tween the poles of permanent magnets.
TABLE OF SYMBOLS.
T=Torque.
D=Drag (or resistance to rotation).
Na=Effective armature turns.
Nf=Effective field turns.
Nb=Effective turns of starting coil.
R=Resistance of armature circuit.
Rd=Resistance of disk.
M=Magnet strength.
E=Potential of mains.
Cf=Field or total current.
Ca=Armature current.
S=Meter speed.
K, Ki, K11, etc. =Constants.
Then the torque of the motor is
T=Ki C. Na Cf Nf K11 C Na N.
but Ns is so adjusted the K11 C: Na Ns just bal-
anced the friction of the motor and both this
tei m and friction may be neglected.
E But C. =—
R 
(since the field is so weak and
the speed so low that counter electromotive force
is inappreciable) and in a meter once constructed
R and Nf are constant. Therefore combining
constants
T-=--Km EC.
The resistance to rotation, or the drag, is pro-
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portional to the product of the magnet strength
and the foucault currents in the disk. But the
MS 
foucault currents are proportional to  and
therefore
D=Ki
Rd
and since M and Ca are both constant
D=Kv S
It should be noted at this point that the mag-
net strength appears in the equation of drag as a
second power, indicating that any change in
magnet strength affects the drag, and through it,
the moter speed, as the square of such change.
It is for this reason that meter manufacturers
have spent such enormous sums in the experi-
mental investigation of permanent magnetism.
A permanent magnet is the result of thousands
of experiments tending to establish the relations
between permanence, chemical analysis, and spe-
cial treatments. The success of such investi-
gations is attested by the accuracy of meters after
years of service.
Now when a torque T=Kiii EC is applied to a
shaft, the shaft will rotate at a rapidly increasing
speed until the rate of supply of energy is equal
to the rate of dissipation; that is, until T=D, or
until
M2 S
1(111 EC=Kv S,
whence by combining constants
S=K EC
Since the speed is proportional to the watts in
the circuit to which the meter is connected, the
number of revolutions in any selected time is
proportional to watt hours expended during that
time. It is only necessary to add a revolution
counter to this simple motor to have a meter
which will register the energy expended on the
cireuit to which it is conneoted.
A meter of this class is evidently suitable for
either alternating or direct current circuits, for if
the circuit is inductive, an additional factor (the
cosine of the lag angle) is introduced in the equa-
tion of torque. That is, the torque is always
proportional to the watts expended. Exception
may be taken to considering the various resis-
tances constant, but it must be remembered that
the temperature coefficient of the disk and that
of the armature circuit are made the same, and,
therefore, neutralize each other.
A type of meter which is used to a considerable
extent on alternating circuits is the induction
meter. There are several forms on the market
and the limits of this article prohibit an individ-
ual discussion. They may be classed together,
however, on the basis that they are all more or
less modified forms of disks, operated on, induct-
ively, by two magnetic fields, one proportional
to the current in the circuit, and the other pro-
portional to the potential and displaced on phase.
In order to secure correct registration on in-
ductive circuits, it is necessary that the phase of
the magnetism of the potential circuit shall be
exactly 90 degrees from that of the electromotive
force. There are several methods, differing more
or less in detail, of accomplishing this. It is
evident that the foucault current in the disk,
generated by the potential coil, will lag 90 de-
grees behind this magnetism and will, therefore,
(on non-inductive load) be in phase with the
current coil, and consequently, attracted or re-
pelled by it.
Similarly the foucault current in the disk, gen-
erated by the current coil, lags 90 degrees behind
the magnetism of the current coil which is in
phase with the current, and, therefore, this fou-
cault current will be in phase with the magne-
tism of the potential coil and consequently, at-
tracted or repelled.
These foucault currents are evidently 90 de-
grees different in phase, and while one increases
from zero to a maximum and diminishes to zero,
the other diminishes from a maximum to zero
and increases to a maximum. The result is a
unform torque, and since the foucault current—
due to the potential field—is proportional to the
electromotive force, its attraction by the current
coil is proportional to the watts of the circuit.
Similarly the foucault current, due to the current
coil, is proportional to the current and its attrac-
tion, by the potential coil, is also proportional to
the watts, and we have a resultant uniform total
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torque proportional to the energy of the circuit,
and by adding a permanent magnet for a drag,
we obtain a meter following the law given—
S=K E C.
On an inductive circuit, the foucault current,
generated by one winding, is no longer in phase
with the other, but differs from it by the lag
angle and thus reduces the torque by the addi-
tional factor of the cosine of this angle, and the
meter is therefore correct on inductive as well as
non-inductive loads.
It is, perhaps, unnecessary to add that these
remarks apply only to those meters which are so
constructed that the magnetism of the potential
coil is exactly 900 behind the electromotive force.
Meters not so constructed cannot be correct on
inductive loads.
Polyphase circuits are metered by two meters
or their equivalent. When metered by a single
meter, this meter consists of two independent
torque-producing coils, acting either on one disk
or on two disks mounted on the same shaft. This
is of course equivalent to two meters, but has
the advantage of recording on a single dial and
avoids the trouble of taking the algebraic sum of
the two methods. It must be remembered that
under some conditions of circuit, one of two
meters will rotate backward and give a negative
reading.
A polyphase meter, such as described, is con-
nected in circuit by connecting the two current
coils in any two of the three lines, and the poten-
tial coils each from the line in which its current
coil is connected to the third line. Such a meter
will record correctly any kind of load which can
be:transmitted over three wires. It may or may
not correctly record the energy delivered over
four wires. It is obvious that by connecting a
torque producing element in each phase of a four
wire two-phase system that the system will be
correctly metered. It is also obvious that it will
not take into account the current between the
third wire and common connection of a four wire
three-phase system.
J. H. Hall, '97, has accepted the position cor-
merly held by Shaver, '97, as Electrical Superin-
tendent with the C. & E. I.
Archie Shaver, '97, has left the C. & E. I. to
accept a position as Electrical Superintendent
with the Union Pacific, with headquarters at
Omaha.
Alonzo J. Hammond, '89, has left his position
with the Vandalia, having received an appoint-
ment to the position of City Engineer of South
Bend, Ind.
C. B. Kidder, '88, who has been Superintend-
ent for the Terre Haute Electric Co. here, has
gone to Atlanta, Ga., as Superintendent of the
Edison Co.'s plant there.
A. F. Gordon, '97, is now with S. V. Hu-
ber & Co., Consulting Engineers. He was not
with the Pittsburgh Bridge Co., as was stated,
apparently on untrustworthy authority, in the
November TECHNIC. His home address is 909
Lang avenue.
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Mining anb %melting Copper.
By J. NEWTON ROSS, '04.
THE Amalgamated Copper Company, ofButte City, Montana, is by far the largest
copper mining company in the world. At the
present time the stock of this company represents
the enormous sum of about $75,000,000. The
mines of this company are all situated at Butte.
They lie to the north of the city, and extend from
east to west, covering the entire hillside. They
are splendidly equipped and connected by under-
ground workings, such that one can be lowered
into the extreme eastern shaft and then pass
through the entire series and come out at the ex-
treme western shaft, a distance of about a mile
from where he first enters the mines.
!These mines are divided into two groups,
known respectively as the Anaconda and Syndi-
cate groups. The most important mines in these
groups are the Anaconda proper, the Never
Sweat, the Mountain Consolidated and the Green
Mountain, which are the greatest producers.
The total output of the two groups may be stated
generally at about 8,000 tons of ore per day.
The deepest shaft is at the Green Mountain
mine and is worthy of mention because of its
great size. The regular working shaft is of two
cqmpartments, each 5x9$ feet in the clear, hav-
ing a perpendicular depth of 3,200 feet. Through
this shaft horses are regularly lowered into the
depths for working purposes, and brought to the
surface when their day's work is done. There
are also two mare compartments just half the size
of these in the regular working shaft. These
smaller ones are used in sinking, repairing and
pumping, leaving the larger ones unobstructed
for hoisting purposes. All of the principal
mines are provided with skips for hoisting the
ore. These skips hold from nine to ten tons and
are automatically dumped into railroad cars at
the shafts. Three of the mines are equipped
with open steel gallows hoists, thus dispensing
with the necessity for a building over the shafts.
The ore from these mines is hoisted by steam
engines of various types; the machinery at the
Mountain Consolidated being, it is said, the most
massive in the district. The engine is a magnifi-
cent upright compound duplex—that is to say, it
is both compound and double. It is called the
"Aztec," and was built by the Union Iron
Works of San Francisco, Cal., from plans fur-
nished by the Amalgamated Company. It is
capable of generating anywhere from 5,000 to
6,000 horse power. The chief engineer is re-
sponsible for the statement that it would raise a
four deck load—that is to say, four cars at a
time—from the 1,900 foot level with such ease
that it scarcely seems to be working at all, and
that it would be capable of meeting almost any
requirement at a depth of 4,000 feet or more.
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This huge piece of mechanism is provided with
seven auxiliary engines to aid in its operations,
so as to control the governor, the brakes, etc.,
and to the eye of one not familiar with the de-
tails of machinery it is literally bewildering, and
yet one practiced and skilled engineer controls
its every movement with apparently as much
ease as a seamstress does her sewing machine.
It has been said that the two shafts of the Moun-
tain Consolidated have hoisted conjointly as
much as 1,600 tons of ore in a day.
Almost all the water from these mines is dis-
charged from one shaft. Aside from the power
required to raise such a volume of water from
these great depths, the expense for pipe is a very
large item. The pipe used is cast iron, eight
inches in diameter, first lined with lead and then
with wood inside of ihe lead, reducing the diame-
ter to about six inches. This piping costs $4.50
a foot, and the expense of placing it runs the
total cost up to $9.00 a foot. As the average life
of the pipe is only a few months, probably from
six to eight, the enormous expense involved can
easily be imagined. The rapid destruction of the
pipe is due to the action of the sulphuric acid
with which the water is charged. It is the out-
side of the pipe that is eaten away by the drip
coming in contact with the unprotected iron.
The pumps and diamond drills are all run by
compressed air. The compressors used are of
great power. The different types used are the
Riedler, Ingersoll-Sargent and Mordberg triple
expansion, three stage compressors. By the
term "three stage" it is to be understood that
the air is subject to three separate and distinct
compressions before being used, this adding
greatly to the power.
In order to illustrate the magnitude of the un-
derground workings of these mines it may be
stated that when running at full capacity the
Mountain Consolidated uses 700,000 feet of tim-
ber monthly for timbering the mine, the Green
Mountain 300,000 feet, and the others together
about 500,000 feet, a total of 1,500,000 feet per
month.
The Amalgamated Company at this time has
three separate smelting plants. The most exten-
sive plant is situated at Anaconda, Montana,
twenty-six miles from the Butte Mines. This
famous plant treats approximately 6,000 tons of
ore per day and is said to produce more electro-
lytic copper than any smelter of its kind inthe
world.
The ore is received at the Anaconda smelters
in patent steel dumping cars and is sent to what
is known as the highlines, and is there dumped
into large bins made ready to receive it, when the
first process of milling the ore begins. The ore
is fed under large steam stamps which crush it
into a grain like coarse sand, the coarseness de-
pending on the grade of the ore. Rich ore is not
crushed as fine as low grade ore. The capacity
of these stamp mills is ery large. One depart-
ment alone is capable of handling about 2,500
tons of ore in one day, an enormous amount
of ore to be consumed in so short a time. From
the stamp floor the crushed ore is sent to the
rolls, jigs, round table and numerous other ma-
chines. While going through this process the
ore is washed and cleaned, water being used to
separate all the sand, slum and other light parti-
cles which the rock contains. The or finally
reaches what is known as the slum and tank
houses. At this department the buildings are
very large and contain huge setting and draining
tanks. Here the milling process ends and it is
now called "concentrates."
At the tank houses the concentrates are pre-
pared and loaded on skips which hoist it to the
ore houses above the smelters. Here the smel-
ter men receive it and it is charged into large re-
volving furnaces of the Bruckner type. The
concentrates are roasted for several hours and
when they have passed through these furnaces
come out as colcine. The colcine is dumped into
large steel hoppers and is then given over to
skilled workmen who charge it into mat furnaces
where it is smelted to a white heat and all of the
slag carefully skimmed off. Then the mat, as it
is now called, is allowed to run off into pigs
and is cooled. When the metal has cooled
enough, so as to be handled, it is loaded into
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steel dumping cars and hauled by electric motors
to the converting department. In these differ-
ent smelting departments large quantities of
coal and water are consumed each day. As
much as 3,500 tons of coal are used daily, and
about 2,000 inches of water are used per minute.
In the converters the mat is sent to the cupola,
blast and other furnaces, and is smelted and re-
smelted many times before it is recognized as
copper. From this department the copper plates
are shipped to the refining department, where
the copper, gold and silver are carefully separa-
ted by electricity. The gold and silver are mould-
ed into square bricks. Great care is taken in
preparing these metals for shipment. The gold
and silver is shipped to New York City, while
the copper is disposed of wherever a market is
found.
It might be well to mention that this company
produced last - year about 72,000 tons of copper,
5,074,034 fine ounces of silver, and 16,610 fine
ounces of gold. It has been said that the gold
and silver produced about pay for the running
expense of the company, thus leaving an enor-
mous profit from the copper alone.
RESOLUTIONS.
WHEREAS, We have suffered the loss of our
friend, Mrs. W. A. Noyes, who by her kindness
and interest had proved so well her friendship
for us,
Resolved, That we, the Student Council and
Student Body of the Rose Polytechnic Institute,
publicly express our sincere sorrow at her death,
and give this evidence of our sympathy with our
friend and teacher, Dr. W. A. Noyes, and with
the bereaved family, and
Resolved, That these resolutions be spread on
the records of the Council, and that copies be
sent to Dr. Noyes ani to the TECHNIC for publi-
cation.
COMMITTEE.
WHEREAS, By the hand of a Providence wiser
than ourselves, we have lost an honored alumnus
of our school, Ellsworth B. Harris, be it
Resolved, That we, the Student Council and
Student Body of the Rose Polytechnic Institute,
extend to his bereaved widow and to his family
our heartfelt sympathy in this hour of trouble,
and be it
Resolved, That these Resolutions be spread
upon the records of the Council, and that copies
be sent to his widow, and be published in THE
Rosu TECHNIC in tribute to his memory.
COMMITTEE.
WHEREAS, God, in his wisdom, has taken to
himself the father of our friend and follow-stu-
dent, Leo F. Dorn, be it
Resolved, That we, the Student Council and
Student Body of the Rose Polytechnic Institute,
express our grief at his loss, and extend him our
sympathy; and be it further
Resolved, That these Resolutions be spread
upon the recors of the Council, and that copies
be sent to Mr. Dorn, and to THE ROSE TECHNIC
for publication.
COMMITTEE.
THE ROSE TECHNIC.
Vase t13a11 Prospects,
WITH the return of spring and the openingof the new term the base ball candidates
appeared on the field and started the outdoor
work. A number of the candidates were out on
the field every afternoon during the spring holi-
days and obtained an early start, as well as loos-
ening their stiffened muscles and getting their
" wings " in trim for the season's work. Cap-
tain Gibbons is working had to get a winning
team this year, as this is his last year in school
and he desires to leave a good record behind
him. It is the hope of all the students that the
team will be stronger than it has been for the
past two years, and many are already predicting
that this will be a banner year in base ball for
Rose.
The team in all probability will be composed
mostly of old men, although a number of the
Freshmen are making a strong bid for the team
this year, and will without much doubt have a
representation on the team, if not a large one.
All the men of last year's team are back in school
with the exception of Meriwether, who did part
of the pitching last year and played in the out-
field when not in the box, and who will be
missed oil account of his stick work, and Grimes,
who covered third base last year. Meriwether
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graduated last year, and Grimes did not return
to school last fall.
Among the candidates for the pitcher's box
there is Hills, who did part of the twirling on
the Varsity last year and the season before, and
it is more than likely that he will do a part of
the work in the bpx this year. He is not only a
good man in the box, but a good hitting pitcher
as well. Randall, who entered the Freshman
class a year ago, made the Varsity last year and
pitched several games, is out again and will pro-
bably be found in the box thie year. He is also
a good man with the stick. Besides these two
there will be Kellogg, who did the box work for
the scrubs last season, and McCormick, a Fresh-
man, who will try to make the team in this ca-
pacity.
In the catching department there is Hampton,
a Freshman from Glenwood, Michigan. He has
played four years on his home High School team
in various capacities. He is a left handed batter
and a heavy man. Tipton, another freshman,
who has played on the local High School team
for four years, will also endeavor to do the back
stopping, and there is Hadley, last year's Varsity
man, back of the bat.
On first Daily, a freshman, will probably be
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found. He is also a local High School product,
and it is believed that he will be a good man in
his position, althougi, perhaps a little weak with
the stick. Captain Gibbons will be found at his
old position at second. For short and third,
Knight, who has played three years on the Flori-
da State Military Academy; Kellogg, Braman,
second baseman, and captain of last year's scrubs;
Fisher, short stop on last year's scrubs, and Bow,
sher, a Freshman about whom nothing is known,
are candidates. For the outfield there are Nich-
olson and Troll of last year's team, McCormick,
a Freshman, Cox and Fishback, subs on last
year's Varsity, and the pitchers, Randall and
Hill, may alternate in the box and field. It is,
however, a pretty safe proposition to say that
there will be a lively hustle for places during the
entire season, and the scrubs will have a good
team of promising material.
•
•
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Ketcham compares gristly beef to quarter-
sawed timber.
The tennis players have begun preparing the
courts for use..
Telegraphic communications are apparently
very annoying to McGill.
Dr. Gray, to Flory, who was reciting, "Thank
you, Mr. Flory, that will do."
Prof. Wagner has told the Juniors that the
best calorimeter is the "bum" calorimeter.
Parks, in mechanics class, ' •The English hun-
dred pounds is one hundred and twelve pounds."
Austin says you can get thirteen stamps for
one and one-quarter cents at a good drug store
like Baur' s.
Bryon and Smith were taken for country jays
by some fair maids of Vincennes, so it is said,
(or shall we say recognized?)
A Sophmore who stated in class that magnesi-
um occurs free in magnesium carbonate, evident-
ly has a rather vague idea of the meaning of free.
It is said to be a disgrace to have a dry pocket
among the Sophomores in Chemical laboratory,
and the members of the class seem to be very
careful of each other's welfare.
A placard bearing the words "Pipelines to be
discontinued this term," was found on the black
board in Prof. Hathaway's room. Evidently
the author himself is trying to "pipe."
A recent election for the successor of Crebs
as base ball manager resulted in the election of
N. H. Cox, '03. The second team has elected
Braman, '03, captain, and I. J. Coz, '03, man-
ager.
Taking advantage of the first pleasant days af-
ter vacation, several of the track athletes have
been out trotting around the track. An excel-
lent exercise for all. Come out and encourage
the runners.
The steamer "Mallard" took a party of stu-
dents down the Wabash and up White River dur-
ing the spring vacation on a pleasure trip. Near
Hudsonville the boiler burned out, so ending the
trip, and all were compelled to return by rail.
In a downtown window is exhibited a balance
with the inscription, "This Balance weighs to
the Minutest Particle." On seeing this, Jumper
remarks, in a superior manner, "That's nothing.
We have some that weigh to the minutest milli-
meter."
In the last examination in Junior French
several new meanings of the word "crêpes"
were proposed. According to Fishback it was
mourning; Hills said crepes; Powell thought it
was salad, and several others wanted it griddle-
cakes.
The annual nuisance of a campus overrun with
gamins of a very decidedly objectionable charac-
ter, has again come around. It is to be hoped
that some steps will be taken to do away with
these annoyances during ball games and time of
practice.
Dr. Noyes has a rather doubtful story by which
he proposes to account for the name "antimo-
ny." The discoverer of antimony is said to have
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tested its physiological effects on the inmates of
a monastery, who could not help themselves.
That the experiments went ill vith the monks
is supposed to be indicated by the name anti-
mony.
The class of 1903, in order to get the work
well in hand on the Modulus, which they intend
publishing next year, have reconsidered a previ-
ously adopted plan, and have decided to elect the
permanent staff immediately. The election will
take place within three weeks of the meeting just
held, which took place on April 6.
If we cannot invent new axioms we can at
least give some good examples of old ones. At
a recent crowded session of the gallery gods it
was decided to try for a program by the well-
known means of letting down a string for some
kind hearted person to tie on a program. When
no string was forthcoming, shoestrings were re-
moved from shoes, and by tying them together
a string long enough to reach the balcony was
secured. The program arrived.
The faculty have decided that henceforth, in
subjects under which the instructor has the stu-
dent constantly under supervision, no formal ex-
amination will be given at the end of a term.
This applies to such subjects as drawing, labora-
tory work of all kinds, machine design, etc. In-
structors will give tests upon the work of the
term, but these will not be classed with the regu-
lar examinations, and their weight in determin-
ing the final work in that subject will rest with
the instructor.
Warfel has distinguished himself twice re-
cently. During an informal lunch in the chemi-
cal laboratory it happened that Dr. Noyes turned
up just as Warfel was trying to manage a large
and soft section of mince pie. When he caught
sight of the doctor he looked up and remarked in
an informational tone, " It's leaking." Since
the holidays he was sitting in the chemical lab-
oratory, when he suddenly jumped up and opened
one of the drawers of his desk to its widest. " I
just saw its tail," he said. He claimed it was a
mouse.
The Sophmore Class, feeling greatly the loss
of one of its most active members, by the deter-
mination of Mr. Dorn not to return this term,
have sent him the following letter:
Terre Haute, Ind., April 4, 1901.
Mr. Leo F. Dorn, Louisville, Ky.,
DEAR SIR :—The Class of nineteen hundred
and three, of the Rose Polytechnic Institute, de-
sire to take this means of expressing their sin-
cere sympathy with you and your family in your
recent bereavement, and at the same time to sig-
nify their regret that you can not now see your
way clear to continue as one of their classmates.
H. W. PALMER,
MARION W. BLAIR,
H. BLAIR PETTET,
Committee.
To the Sophomore Class R. P. I.
You are cordially invited to attend a play, "The
Little Brown Jug," to be given in the Normal
Hall, March the twenty-second, ninteen hundred
and one, 7:30 P. M., by the Sophmore Class.
I. S. N. B. L. VAwLER, Pres.
Terre Haute, Ind., March 19, 1901.
The Sophomore Class of the Rose Polytechnic
Institute acknowlege the receipt of the very kind
invitation of the Sophmore class of the Indiana
State Normal to attend their play on the evening
of March twenty-second. As many as possible
will accept, although it is unfortunate that it
should occur the night before an examination.
W. H. PALMER, Pres.
S. F. ARNOLD, Committee.A. AUSTIN,
Terre Haute, Ind., March 20, 1901.
Jones and Burge were comparing some bills.
Jones: " — — ?
at that."
Burge: "That's nothing. Mine is 34 cents
more than yours."
Jones : " ! ! — x x ? ? Well, I
ain't thinking of cents. I am thinking of dol-
lars."
! ! 
  look
SCIENTIFIC SUPPLEMENTS TO THE ROSE TECHNIC. - IV.
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Headings give increased diameter due to covering = t in m. m.
B. & S.
GAUGE 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50
6 0.92 0.94 0.97 0.99 1.01 1.04 1.06 1.08 1.10
7 0.93 0.95 0.98 1.00 1.03 1.06 1.08 1.11 1.13
8 0.93 0.96 0.99 1.02 1.05 1.08 1.11 1.14 1.17
9 0.94 0.97 1.00 1.04 1.07 1.10 1.14 1.17 1.21
10 0.95 0.98 1.02 1.06 1.09 1.13 1.17 1.21 1.25
11 0.96 0.99 1.01 1.08 1.12 1.16 1.21 1.25 1.30
12 0.97 1.01 1.06 1.10 1.15 1.20 1.25 1.30 1.36
13 0.98 1.03 1.08 1.13 1.19 1.24 1.30 1.36 1.42
14 0.99 1.05 1.11 1.17 1.23 1.29 1.36 1.43 1.50
15 1.00 1.07 1.14 1.21 1.28 1.35 1.43 1.51 1.59
16 1.02 1.09 1.17 1.25 1.33 1.42 1.51 1.60 1.70
17 1.04 1.12 1.21 1.30 1.40 1.49 1.60 1.71 1.82
18 1.06 1.15 1.25 1.36 1.47 1.58 1.70 1.82 1.94
19 1.08 1.19 1.30 1.42 1.55 1.69 1.82 1.96 2.10
20 1.11 1.23 1.36 1.50 1.65 1.81 1.96 2.12 2.29
21 1.14 1.28 1.43 1.59 1.76 1.94 2.12 2.31 2.51
22 1.17 1.33 1.51 1.70 1.89 2.09 2.31 2.54 2.77
23 1.21 1.40 1.60 1.82 2.04 2.28 2.54 2.80
24 1.26 1.47 1.70 1.94 2.21 2.50 2.80
25 1.31 1.55 1.82 2.10 2.42 2.74
26 1.37 1.65 1.96 2.29 2.66 3.05
27 1.43 1.76 2.12 2.51 2.94
28 1.51 1.89 2.31 2.77 3.28
29 1.60 2.05 2.54 3.08
30 1.70 2.22 2.80 3.44
*.The intregal section of the winding of a magnetic coil is S = A (1 ± 2 -t  Where A is a constant de-
pending on the mode of winding, d is the diameter of the bare wire; M the magneto-motive force required; and fthe current per square centimeter of the wire section. For closest winding, A = 0.877, which is the value used inthe table
